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ABSTRACT 

This document reports on' tihid initiaXtpbase of a 
project investigating how to r.elate f ormalVroathematicalc 
representational and problem solying skills to informal strategies 
that children naturally invent tx> solve simple, addition .and 
subtraction problems. A program^^was developed that allows pupils to 
solve word problems on a microcomputer.. A pilot study was carried out 
with four first-grade children. The subjects were individually 
instructed for a series of nine 20'-minute lessons. The results of tht> 
study indicated that the program is effective in teaching 
representational and problem-solving skills. Before instruction, the 
subjects consistently wrote incorrect sent:ences for incorrect 
problems and generally did not use their number sentences for their 
solutions, following instruction, three ot the four children 

• consistently used number sentences to solve a wide variety of 
addition and subtraction problems. It is concluded that further 
investigation seems warranted, and ^hat this pilot investigation 

\ suggests that microcomputers can have important roles 'in instruction. 
(MP) • . 
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Abstract 

This report documents the initial phase of a project' investigating 
how to relate formal mathematical representational and problem-solving 
skills to the informal strategies that children naturally invent to 
solve simple addition and subtraction word problems. 

The microcomputer provides a means for directly relating formal 
symbolic representations to children's informal mcj/deling processes. A 
program has been developed that allows childreVi to use a tnicro-computer 
rather than physical objects to solve word problems. Children initially . 
are taught to use the microcomputer to solve simple word problems using 
essentially the same processes that they usfe with physical objects. They 
produce sets of objects one at a time and can make a single set, or make 
two sets> or remove elements from a set they have constructed.* The ob- 
jectives of vthese initial activities are to familiarize children with 
the microcomputer and make the transition from using physical objects to 
using the pictorial display. • 

The connection between the informal modeling processes, and the formal 
mathematical symbolic representations is made by teaching the children 
that they do not have to construct sets on the microcomputer one element^ 
at a time; they can construct them by writing number sentences. To 
solve an addition problem, they enter an addition sentence like 8-^5 =1^ 
This actually produces a set of 8 and a set of 5, just as the child would 

ix 
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using physical objects. Entering a subtraction sentence 13 - 8 = Q pro- 
duces a set of 13 and then removes 8 elements to another portion of the 
screen. Since the number sentence that the children enter actually con- 
structs the physical' representation that they can use to solve the problem, 
writing the number 'sentence becomes" part of the solution process, not an 
unrelated activity. 

A pilot study was carried out with four first-grade .children. The 
children were individually instructed for a series of nine 20-minute 
lessons-. The results of the pilot study indicate that the program is 
effective in teaching representational and problem-solving skxlls. Before 
instruction, ^ four children consistently wrote incorrect sentences for 
more -difficult problems and generally did not use their number sentences 
for their solutions. Following instruction, three of the four children 

r 

consistently used number sentences to solve a wide variety of addition 
and subtraction problems. 
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Introduction 

The puipose of this report is to describe the results of the initial 
phase of the microcomputer research project carried out by the Mathe- 
matics Work Group of the Wisconsin Center for Education Research • The 
aim of the project is^ to in\^estigate' the transition phase in children's 
learning of symbolic representational skills in mathematics they pro- 
gress from the informal strategies learned independent of school instruc- 
tion to the more formal skills of writing symbolic sentences to represent 
verbal problems and then solving those sentences. Addition and subtraction 
problems are the content domain of the project. The project uses the micro 
computer to ea^tatlish a direct link between writing symbolic number sen- 
tences and children's informal modeling processes. i 

This report covers work carried out during the period January" 1982 
to June 1982. A program was developed for Lhe Apple II microcomputer 
and then used in a teaching experiment with four first-gride children 
from a private school in Madison, Wisconsin. Subsequent sections contain 
the background and rationale for the study, a description of the couiputer 
program, the Instructional treatment used in the teaching experiment, ^nd 
the results of the study. A final section presents some overall con- 
elusions together with projections for future directions of the research 
project. 

Background 

In the last few years a substantial body of research focused on Che 
learning of addition and subtraction concepts in general and on the 
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solution of addition and subtraction word problems in particular- In the 
fall of 1979, an international conference devoted exclusively to the study 
of addition and subtraction was held (Carpenter, Moser, & Romberg, 1982), 
and several major reviews of wor.k .in this area have been written (Carpenter, 
Blume, Hiebert, Anick, & Pinun, in pre^ss; Carpenter & Moser, in press; 
Riley, dreeno, & Heller, in press). 

Current research on children's solution of basic addition and subtrac- 
tion word problems follows a basic ^ cognitive approach outlined by Glaser 
and Pellegrino (1978) . This approach involves the detailed analysis of 
^a specific content domain which is then related to a careful analysis of 
the strategies that children use to solve^problems within the domain. 
Currently, there is good agreement regarding the basic characterization 
of addition and subtraction word problems, and there is a reasonably con- 
sistent picture of the difficulty level of different types of problems 
* and the informal problem-sfolving strategies children Invent independently 
of instruction. However, relatively little is knowi^ regarding the transi- 
tion from these informal strategies to the formal addition and suj) traction, 
skills taught in school (Riley et al., in press)- 

Analysis of Problem Types 

Early research took several approaches to the characterization of 
word problems.* OAe was to classify problems in terms of syntax, 'vocabu- 
larly level, number of wprds in a problem, and so forth (e.g., Jerrican, 
1973; Suppes, Loftus-, & Jerman, 1969). A S(icond approach differentiated 
between problems in .teras of the open sentences they represented (e.g., 
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Grouws, 1972; Rosenthal & Resnick, 1974) . The most productive approach, 

that follcJwed by current research, is ba^ed on the semantic characteristics 

of problems (Carpenter. & Moser, 1982; Gibb, 1956; Greene, 1978; Vergnaiid, 

1982). Semantic analysis is based primarily on -structural characterise 

tics involving the action or relationship described in the problem. 

Altogether there are six basic semantic problem types: Separate, Combine, 

/ 

Compare, Join, and two types of Equalize problems (Carpenter & Moser, 1982). 
The following four subtraction problems illustrate the kinds of distinc- 
tions drawn between problem types. Although all four problems can be 
represented by the ma^thematical sentence 12-5 they represent dis- 

tinct interpretations of subtraction: 

Tim has 12 candies. He gave 5 candies to his sister. How many 

candies does Tim have left? 

Tim has 12 candies. Five the them are grape and the rest are 

lemon. How many lemon candies does Tim have? 

. Tim has 5 candies. His sister Connie had 12 candies^ How many 
r\ore candies does Connie have than Tim? 

Tim has 5 candies.' His aister Connie gave him some more candies." 
Tim has 12 candies. How raapy candies .did Connie give to him? , • 

i 

The first problem. Separate, describes the action of removing a subset of 
a given set. The second. Combine, is a static situation in which one of 
two parts of a known whole must be found. The third problem. Compare, 
involves the comparison of two distinct sets. The fourth. Join, des- 
cribing an. additive change actional has as its unknown the size of that 
change. For each semantic problem type, three distinct problems can be 
generated by varying which quantity is unknown. The first problem above 
could be altered as follows to produce a parallel missing minued problem: 
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Tim had some candies. He gave 5 candies to his sister. - tr he 
has 7 candies left, how many candies did he have to start with? 

As can be seen from these examples, a number of -Semantically distinct 

problems can be generated by varying the structure of the problem, even 

though many of^ the same words appear in the different versions. 

A nalysis of Children's Performance 

Most past studies of addition and subtraction w?tre limited tc finding 
out which types of problems were most difficult. More recently, work has 
'begun to focu^on the processes children use^ to solve different problems. 
Measuring response latencies (Groen & ParkmaI^»^^ 1972; Groen & ResTiick, 1977; 
Suppes & Groen, 1967; Woods, Resnick, & Groen, ll975) or conducting clini- 
cal interviews (Blume, 1981; Brush, 1978; Carpenber, Hiebert, & Moser, 
1981; Carpenter & ^Joser, 1982; Hiebert, 1981; Lindvall & Ibarra^ 1980), re- 
searchers have identified a numl?er of strategies that children use to 
solve different addition and subtraction problems. 

Data from these studies suggest that, contrary to popular notions, 
young children are relatively successful at analyzing and solving simple 
/ Verbal problems. Before receiving formal instruction in addition and 
subtraction, young children invent informal mbdeling and counting strate- 
gies for solving addition and subtraction problems (Carpenter ,^ Hiebert, 
& Moser: 1981; Carpjjiter & Moser, 19^). These results suggest that word 
problems may be the most appropriate context for introdlicing formal con- 
cepts of addition and subtraction. The present research investigates this 
hypothesis . 
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Th^ informal solution strategies that children invent have a clear 

relationship to the addition and subtraction problem types described 

above. At the earliest stage most children directly model quantities 

described in a problem, perform actions on these models, and entynerate 

s":ts to determine an answer. For example, to solve the followiiig Join, 

missing adtiend problem, children at this stage generally would construct a 

set of 5 objects, add niore objects until there was a total of 12 objects, 

and courit the, number of objects added. ^ 

Sally has 5 baseball cards. How many more baseball cards dj/es 
she nfeed to have 12 baseball cards altogether? 

At the next stage, children shift to more abstract counting strate- 
gies. To solve the above problem, a child would recognize' that it was un- 
necessary to construct the set of 5 objects an4 instead simply count from 
5 /to 12, keeping track of the number of counts. At both stages, the type 
of strategy used depends upon the semantic structur*e of the problem, sug- 
gesting that children do not transform probleqis to a single representation 
of addition or subtraction. During the early stages of development, 
children do not appear to recognize the intercli^rigeability of th^ir strate- 
gies. In other words, ^ they do not initially recognize that Either a 
separating or aft adding on strategy will generate the same solution. A 
completely developed concept of addition and subtraction presumably would 
require an integration of various interpretations of those operations as 
represented by the different counting strategies • Th^t is to say, tfie 
concrete counting strategies' should eventually e\olve into the abstract 
representation of formal mathematics (Carpenter & Moser, 1982) . 
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Current instruction clearly fails to build upon the informal scrate- 
Ries that children develop outside of school. There is reasonable consen- 
sus on how children solve addition and subtraction problems, but there is 
"a great gap between what is. known regarding children's solution processes 
and current instructional practice (Carpenter, 1981). 

Representing Addition and Subtraction Problems 

' The process of representing a real world or verbally posed problem is 
a fundamental problem -solving skills. The development of this skiil is 
a ma>Qr objective of the entire mathematics curriculum. We hypothesize 
^hat a cause of the difficulty of older children to solve problems (Car- ^ 
center et al. , 1980) may be their inability to adequately represent a 
given problem 'with the appropriate mathematical symbolism. The contrast 
between young children's success in analyzing simple problems and older 
children's performance on more complex problems suggests that the transi- 
tion from simple representations such as physical modeling, counting, and 
tallying to symbolic mathematical representations and operations such 
as writing number sentences, memorizing facts, and using algorithmic 
procedures is a critical stage^in children's learning of mathematics in 
genera, and of problem-solving skills in particular (Carpenter, 1981). 

A key aspect of the transition from solving problems using informal 
procedures based.fipon simple representational skills to a formal mathe- 
matics approach is writing mathematical symbols to represent the problem 
and its components. The skill of symbolic representation is one of the 
major objectives of elementary school instruction. Writing mathematical 



lu 



expressions to represent a problem situation is a skill fundamental to 
problem, solving from elementary arithmetic to advanced mathen)acics . The 
association of real world problems with abstract mathematical representa- 
tions* takes place in many areas of mathematics;, addition and subtraction, 
multiplication, rational number, geometric congruence, and similarity 
are, several examples that can be cited. 

At the time children are first introduced to writing mathematical 
sentences to help solve word problems, their informal strategies and 
procedures make more sense to them. As a consequence, they see no con- 
nection between the two <^jctivities , although most children eventually - 
learn to write number sentences to represent simple problems and are 
able to solve the problems using their informal modeling and counting 
strategies. The operations represented by the number sentences are often 
inconsistent with the modeling and counting strategies used to solve the 
problem. Writing a number sentence is something that young children do 
for the teacher, something they often perceive as unrelated to the solu- 
tion of the problem. This is not surprising. The children already know 
how to model the problem physically. Until they have memorized the basic 
facts and learned computational algorithms, writing a number sentence does 
not help them solve the problem. 

In a study investigating the effects of initial instruction on the 
processes children used, to solve basic addition and subtraction verbal 
problems. Carpenter, Moser, and Hiebert (1981) considered .the role of 
writing number sentences in the solution process. Prior to instruction 



43 first-grade children were individually tested an a^variety of addi-^ 
tion and subtraction word problems. After a two-month introductory unit 
on addition and subtraction, the children weie retested* On the posttest 
roost children could write number sentences to represent addition and sub- 
traction problems. However, very few recognized that the arithmetic 
sentence was a mechanism that they might use to help them *olve the 
problem. Once they, had written a sentence, most children appeared to" 
ignore it ^nd used the semantic structure to decide on a solution strategy. 
.In fact, in spite of instructions to the contrary, about a fourth of the 
subjects solved a problem before writing a sentence, 'When children wrote 
an incorrect sentence but computed the correct answer, they would often 
complete the open sentence with their answer. .The fact that ser^tence 
writing did not influence cKildren's solution processes suggests a lack 
of coordination by the children between the two processes.' . 

Description of the Computer Program 

Overview 

We have developed a program that allows children to use a micro- 
computer rather than physical objects to solve word problems ♦ Children 
initially are taught to use the microcomputer to solve dimple word prob- 
lems using essentially the same processes that they use with physical 
objects. They produce sets of objects one at a time by pushing the 
• key. They can make one 'set, or make two sets, or remove elements from 
a set they have constructed. -"The objectives of, these initial activities 



are to familiarize children with, the microcomputer and make the transition 
from using physical objects to using the video display.* 

♦ The connection^ between the informal modeling processes and the formal 
mathematical symbolic representations is made by teaching the children • 
that they do not have to c^bnstruct sets on the microcomputer one element 
at a time; they can construct them by writing number sentences. To 
solve an addition problem, they enter an addition sentence like 8 + 5 = Q • 
As well as the number sentence, this actually produces a set of 8 and a 

set of 5," just as the child would using physical objects or the arrow key 

\ I — I ' 
on the computer. Entering a subtraction sentence 13-8 =[_] produces 'a 

set of 13 and then removes 8 elements to another portion of the screen. 
>Students also learn to write open addition sentences to represent and to 
solve certain kinds of word^ problems. . Since the number sentence that the 
children enter actually actually constructs the pictorial reprcsontat ion 
that they can use to solve the problem, writing the number sentence be- 
comes part of the solution process not an unrelated activity, "figure 1 
illustrates the video display resulting from entry Llie sentence , 
7 + 28 

Detaiis_^f__^tjve . P£^^ 

The major feature of the computer program is the ability to enter 
onto the video display' pictorial and symbolic configurations by depressing 
appropriate keys on the keyboard. The video display is arranged in three 
adjacent sectors which can be thought of as corresponding .to the elements 
of the number sentence a + 2?=eora-2? = c. Entry of configurations- 

• 13 • ' ' « 
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Figure !• Video screen display after entry of 7 + 28 = □• y 
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into a particular sector is denoted by a small arrow, with the head point- 
ing upward for sectors a and i, and the head pointing Jowiiward for? siu tor 
Pictorial configurations can be entered only in sectors a and fc, and they 
appear in the upper two-thirds of the sector. The bottom one-third is re- 
served forpsymbolic entries. On initial use of the program, or after* 
cleari-ng the video display, the indicator^arr'ow for entry of pictorial or 
symbol^ic configurations automatically returns, to the a, sector. Movement 
to the b or b sector is carr^d out by several means described later. 
Once movement, to the right on the display is made, that is from a tQ ^ 
or from b to Cy movement to, the left is impossible. One has to begin 
anew in sector a, either by rebooting the entire program or more simply 
by depressing the ESC(ape) key. In either case,, the entire video display 
is cleared of all configurations.^ 

The computer program used in the study was written in Apple Pascal 
using the Pascal ANIMATION Package from Apple Special Delivery software 
to help create a large character set and handle some of the display 
tasks. It requires a 48K Apple 11+ with an extra 16K RAM card' in slot 0 
for operation, and a color monitor. 

The program consists of two texts files, BOXSSl.TEXT and B0XES2.TEXT. 
Two special libraries, ANIMATION and CRTSTUF?, are included in the sys.tem 
library. ANIMATION comes with the Pascal ANIMATION Package and CRTSTUFF 
is a special library of CKT- handling routines. The system disk also con- 
tains the large character font, BOXES. FONT^ which is four times the size 
of * normal Apple characters- A listing of the program is contained in 
Appendix A. , 



2v 



12 



ERIC 



t 

• p^.^nrial configuration. The pictorial configurations consisted of 
small squares arrange^ in a pattetn resembling the TILE configurations ^ 
used in Japanese elementary mathematics education (Hatano. 1982). Squares 
appear in horizontal rows of at mostf f ive elements with twice as. much ver- 
tical spacing between the second and third and between the fourth and . 
fifth rows as between the first and second, third and' fourth, and fifth 
and sixth rows.. This visual emphasis of groups of ten was designed to 
make pounting the squares- easier for children who recognized the con- 
f^gural patterns. Space limitations on the video display and the desire . 
to make the squares large enough that children could visually discriminate 
' among the squares allowed a maximum of 30. squares for each of sectors a 
and b. Squares in sector a were blue, while those of sector b were 

.green, S 

Entry of pictorial configurations is made in two different ways. 
The first method provides for a. one-by-one incremental entry of squares 
by means of successive depressions of theE) ^^V- Accompanying this 
entry of squares is the disp]ay of the corresponding number in the lowest 
' third of the sector. One has the option of omitting the concurrent dis- 
play, of the numeral. Removal of one/v more squares fror. a configuration 
in a sector is carried out by depression of theQ key. Before entry, 
the symbolic display is^empty, and the numbers 1, 2, 3. etc. appear as ' 
the child depres-ses the B key. Once this has been done and the child 
elects to remove the entered squares by depressing the 0 key, the 
numeral's go down in order. If all are removed the numeral "O" xs dis- 
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played • As mentioned above, the maximum number of squares that can be 
entered in a sector is 30- If the child attempts to enter more than 30 
by continued depression of the key, a ''beep" is heard. Similarly^ 
attempted removal of more squares than are present causes the "beep" once 
zero' has been reached. Initially rh^^ arrow is iB sector a and square^ 
are added^ to that sector. To add squares to sector b, the space bar is 
depressed. This causes the arrow to move to sector b and any subsequent; 
operations on the [^[ or |"^| keys result in squares being added to or 
removed from s^tor b. 

The second method of producing pictorial conf igurationfe is by the 
depression of numeral keys in the" upper row of the computer keyboard. If 
a two-digit number, such- as 14, is entered by successive depressions of 
.the "1" and '*4" keys, then the corresponding number- of squares is auto- 
matically produced in the desired sector, the squares appearing rapidly 
in one-by-one succession. If a one-digit number is chosen, then the 
visual display is not produced until the child "informs" the computer 
that the digit depressed is the number of squares desired and not the 
ten's digit of a two-digit number. Means ava^Llable for transmitting 

this information are depression of any of the following: space bar, +, 
* 

RETURN, or in the instance where the cbnf iguration is desired irt the 
b sector,, the sign. A configuration entered with numeral keys can be 
subsequently incremented and decremented by depressing the (^j and 
keys, respectively* 

The representation of a take-away action is brought into play by 
initially producing a configuration in sector a by either of the 
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two means 'describad above. It is activated by the depression of the - 
key which produces a small arrow pointing in the right hand direction. 
The arrow is located in the lower one-third of the video display midway 
between sector a and septor b. If s^inult^neous display of numerals with t 
configuration of squares is called for, then the right-pointing arrow 
also ha^a minus sign below it: if no numeral production is called for, 
then the minus sign does not appear. In either case, this feature causes 
squares from sector a to be moved to ^6ctor b. Once the - key has been 
depressed, the movement can be effected on a onerby-one basis by succes- 
sive depressions of the key, or on an automatic, rapid one-by-one ' 
basis by depression of numeral keys. The same procedures for two- and 
one-digit numbers described above operate here. Corrections or adjust- 
ments to the size of the configuration in sector b can be made by depres- 
sion of either the Q ^^y* ^" which case another square will be moved 
from' sector a to sector b, or theQ key, in which a square will be rer 
turned back to sector a from^jector b. 

When the concurrent display of numerals below the configurations 
of squares is called for, the numeral below the configuration of sector a 
remains constant, that being the number of squares in the initial con- 
figuration. The numeral below the configuration of squares in sector b 
varie^^ depending on how many squares are present there. Thus, the ap- 
propriate subtraction number sentence will be displayed. If some set 
of squares has been removed from the sector a to sector 2>' and then later, 
returned by moans of the @ key, the numeral 0 will aF|>ear in sector b 



when all squares have been returned. Attempts to move more squares from 



one sector to another, in either direction, than is possible to move, will 
result in production of the "beep.*' For example, if the original configure 
tion in sector a had 12 squares and the child then depressed the 
computer would react with a "beep." 

Symbolic configurations . The standard mathematical symbols for 
•numbers, operations (+ or equality (=) , and an unknown quantity (Q) 
can be produced only if the initial menu selection cal|Ls for such produc- 
tion. These symbols appear in white in the lower one-*third of the video 
display. The program calls for the production of only numerals in sectors 
a, by and/or ^Jf^ox of a complete number sentence that is essentially 

correct in fprm. Incomplete sentences such as 5 + 7 | J or 5 7 ='| | 

would not appear. Sentences that are impossible to solve within the 
domain of whole numbers such as 13 - 15 = Q or 9 + Q = 3 would also 
not be accepted by the computer/ 

Numerals can be generated immediately upon depression of 'appropriate 
numeral keys on the keyboard, with numbers in sectors a and 'being re- 
stricted to 30 or less. Production of a numeral up to 60 in sector c can 
•be carried out only by depression of nurferal keys on the keyboard. Pic- 
torial configurations are not produced in sector e. 

Mathematical sentences of the form a + i = or a - i = 6\may be^ 
entered in. the computer. The sentences may be closed, in that a number 
stands in the place of a, 2?, and or open in that aQto represent a 
missing number may stand in the place of a, 2?, or c. • An a priori deci- 
sion was made to not allow the nonianonical subtraction sentences 
rj - Z> » c or a « o. 
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The missing "'number box Q) is entered by the depression of SHIFT. 
Clhe-enfry of = and + also require prior depression of the SHIFT key.) 
In practice, the child "writes*' a complete -mathematical sentence by 
choosing a numeral for position a, then depressing the + or - key, which 
causes the pictorial configuration injector a to appear if it is not 
already there by reason* of representing a two-digit niinber. It also causes 
the upward-pointing indicator arrow U move to sector b* At that time 
the + or - symbol is also displayed on the screen. If the - symbol is 
chosen, the right-pointing arrow is also shown above the symbol. Next, 
the numeral for the b position is depressed followed by =, which causes 
the pictorial configuration in sector b to appear subject to conditions 
described in earlier paragraphs. This also produces* the appearance of 
the = symbol in its proper position in the sentence as well as the move- 
ment of the downward pointing arrow to sector c?. At this point the child 
may either enter a third numeral, or, if not entered in another position 
in the sentence, the [3- to represent an unknown. The computer will accept 
computationally incorrect sentences such as 5 + 3 = 9 without interacting 
with the student- The Q may be entered' only in the o position for sub- 
traction sentences, and in ♦ y one of the three positions — a, &, or a — 
for addition sentences. If the lD entered in any position and the 
indicator arrow has not been moved to a different sector, the Qmay be . 
.overridden by entry of a numeral. If the Q is entered in the a or b 
position and ::he indicator arrow is move4 to another sector, no display ( 
of a pictorial configuration is produced above the Only one Q per 

sentence may be entered. 

2u 
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Provision is made for the child to correct an incorrect entry at any 

s 

time in the production of a sentence. By^ depressing the X key, the most 
recent entry is removed and that portion of the video display is cleared. 
In the case where the error is ihade in the entry of a numeral in the b 
position aft;er the - key has been depressed, all the squares that had 
been moved from sector a to sector h are returned to sector a, with the 
- Symbol remaining. 

The Teaching Experiment 

Following development of the computer progiani, a teaching experiment 
was carried out. The experiment was carried out in order to (a) validate 
the physicafl and conceptual features of the microcomputer program, (b) study 
in some detail, the development of sentence writing ability, (c) develop 
and validate procedures of instruction rela^ted to use of the specific com- 
puter program developed, and (d) evaluate the effectiveness of the computer 
program and the related instructional procedures in linking the informal 
solution strategies of young children and the formal symbolism of mAthp-- 
matics. 

Subjects for the teaching exjieriment were selected from a gioup cf 
first-grade children by applying selection criteria described belov, A 
series of lessons were taught to four selected subjects on an individual 
basis by one of the two experimenters in the presence of a second adult 
observer. Following instruction, a brief individually adr^lnistered probleni- 
solving interview was given to each subject. The experiment and the post- 
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testing were carried out during a period of approximately five weeks in 

April and May 1982. 

Subjects . The subjects for the study were selected from the two 
first-grade classes in a parochial school serving a middle-class neigh- 
borhood in Madison, Wisconsin, The teachers recommended 11 children who 

•were in che middle range of ability for their classes and were reasonably 
good at exiilaining their ideas. Individual interviews were conducted 
x^ith these 11 children requiring them to solve a variety of addition and 
subtraction veibal pioblems and to perform' some counting tasks. The set 
of screening tasks is given in Table 1, For the firsc nine verbal problems, 
a set of plastic cubes was available for the child to use; For. problems 
V, 6, and 9, paper and pfencil were also provided, with the direction to 
write a number sentence prior to solving. Problems 10 and 11 were designed 
to assess whether chilJren could use counting-on procedures. Cubes were 
rjpt provided for these problems, " v 

The Individual interviews v/ere conducted in mid-April. Attention ' 
vas giver, to a' child's ability to express hlin/herself and give clear ex- 
planations of procedures used .to solve problems as well as to rhc actual 
processes used to solve the given problem. Selected subjects did not use 
inemorixed number facts, . generally employed direct modeling procedures, 
damonstrated the ability to count forward from a beginning number 
than **one," ai^d were unable to write appropriate nunher sentences for 
problem*? 8 and 9, As 'a result of the f?creening, tv/o white male subjects. 
Jack ana Roger » and two white female subjects, Helen and Kathy, -were 
chosen to parcicipace ^n the teaching experiment • Their success on the 
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Table 1 



Subject Scre^ening Tasks 



Verbal Problems 



1. 



Join 



.iNbpiian had 6 books. His friend gave 
ic^JfV^lX ^f^^^ more books. How many books 
"^^/'•^dSdTNorman have altogether? 



^2;*;,., '^Sejjarate 

' 'Jeanne has 13 buttons. She 



,ve. 9 



buttons to Evelyn. How man^' buttons 
did Jeanne have iefL? 



3 . Compare 

Robert has 3 marbles. Dorothy has 
8 more marbles than Robert. Kow 
many sjarbles does Dorothy have? 

4. Separate, missing Tninuend 

There were some birds sitting on a* 
wire. Four of the birds flew away. 
Then there were 7 biiua left. How 
many birds were there sitting on 
the wire before any flew away? 

5.. Compare 

Eilen haj? 7 halloween candies. Her - 
friend Greg has 12 halloween candies, 
Kow many more candies does Greg have 

fU^^ t?l 1 — o * 



6. Join,^ missing addend 

. Robert has 8 ^et fish in his tank. 
How many more fish does he have to 
'put in the tank so there will be 
14 fish altogether? 

7. Separate 

There were 11 ^strawberries growing 
on a bush. Alex picked 8 of them. 
How many berries were left growing 
on the bush? 

8. Join, missing addend^ 

Kathy has 9 stamps. How many mnrp 
stamps does she have .to , put wx?-h 
them CO have 15 stamps altogether;" 

9. Compare 

Joe won 9 prizes at the fair. His 
sister Connie won 13 prizes at the 
fair. How many more prizes did 
Connie win than Joe? 

10. Join, missing addend 

Ralph has 7 marbles. How many more 
marbles does he have to put with 
theiti to have ll marbles altogether? 



n 



Countitig Tasks 



a) Can you count forward, starting at 15 and ending at 20? 

[Say; "I am going to start coMnting at 8 and coanr up 5 moie numbers: 
8, 9, 10, 11, 12, 13.'^] 

b) Can you start at 6 and count on three more numbers? 

c) Can you start at 9 and count up six. more numbers? 



RIG 
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screening tasks is shown. in Table 2, where favorable results on the initial 

nine verbal-problem tasks reflect their choice of an appropriate solution 

> 

strategy, even if execution' of that strategy may have included a counting 
or computational error. 

Lessons. A series of nine 20- to 30-minute individual lessons were 
developed. Since" the primary concern of the project was the study of 
symbolic representations of .verbal problems, each lesson was designed to 
have as oae of its components che oppor#tunity tq solve a variety of 
verbal problems. 

\ 

A great deal of flexibility was employed during the lessons, depend- 
ing upon individual differences and day-to-day variations in a child's 
ability to attend to' the learnijig tasks. Thus, for an j^ndividu^l child, 
the aims of a particular lesson may have been completed either earlier 
or later than planned. 

Wesson 1 . The lesson started with a general introduction to the com- 
puter, including how to turn it on/ load the program, and select from the 
menu. For thi.s, lesson, no symbols were shown in the bottom one-third of 
the video display.. Children learned the function of the (-^) , , 
ESC(ape) keys, and the space bar. children were a^ked to count the number 
of squares displayed irt either sector a or i of the screen or in both. 
Some simple verbal problems wore presented and the child was asked to use 
the computer and its. display of squares^ to help solve the problems. 

Lesson 2 . Again,* no symbols Were displayed. The general aim was a 
review of material from the previous lesson. Numbers in the high teens 
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Table 2 . 

Results on Pre-Instruction Screening Tasks 



Subjects 





Task 


Jack 


Roger 


Helen 


Kathy 


Total 


1. 


Join 


> + 


+ 


+ 




4 


•2. 


j 

Separate [ 






+ 


+ 


4 


3. 


Compare 


+ 


+ 


- 


- 


2 


4. 


Separate, missing' minuend 


+ 


+ 


+ 


+ 


4 


5. 


Compare 


+ 


+ 




+ 


4 


6. 


Join, missing addend 


+ 


+ 


+ 


+ 


4 


7. 


Separate: , solve 




+ 




+ 


4 




write sentence 


+ 


+ 


+ 




4 


8. 


Join, missing addend: solve 


+ 


+ 




+ 


4 




write sentence 










0 


9. 


Compare: solve. 


+ 








4 




• write ' sentence 










0 


10. 


Join,- missing addend 


+ 


+ 




+ 


3 


11a. 


Count forward , 15 to. 20 


+ 


+ 


NA • 


+ 


3 


lib. 


Count on 3 from 6 


+ 


+ 


NA 


+ 


3 


11c. 


Count on 6 from 9 


+ 




NA 


+ 


2 


Note: 


Wording of tasks is given in 


Table 1. 


+ indicates the 


use of an 





appropriate procedure; an inappropriate procedure, 
^ot administered. 



ERIC 
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and twenties) were introduced and^ a greater variety of word problem types 
were used, with an emphasis on the Join, missing addend problem.. 

Lesson 3 . The major point of this lesson was the introduction of . 
the numerical symbols in the video display, which were used for all re- 
maining lessons. Initially, sets of squares (and the accompanying numerals) 
were generated and maniptilated by Q, ' and - keys and the space bar. 

Later in the lesson, the generation of sets of squares by simply depressing 
the numeral keys .in the upper row of the compu^tej: keyboard was presented. 

Lesson 4 . Much of the lesson was devoted to review ot the work of 
the previous lesson. The latter portion of the lesson included the in- 
troduction of the + and « symbols/ Both required showing the child how ' 
to 'use the SHIFT key first. 

Lesson 5 . Writing a complete, closed sentence was the objective of 
this lesso^n. As in all previous lessons, a sampling of the variety of 
types of verbal problems was included. Th^^re was nothing very new in 
this lesson, although the child received suggestions to seek f^fficient 
ways of counting the displays of squares representing the solution. 

Lesson 6 . This lesson aimed to continue the practice of skills learned 
in earlier lessons. Numbers in the late teens and twenties were used for 
a Variety of word problems. 

Lesson 7 . In this lesson, writing of open sentences was taught as 
the child learned how to enter the Q in the, sentence. For the most part, 
problems resulting in canonical addition and subtraction sentences wei'e 
used. Some noncanonical situations were used. 



Lesson 8 , This was essentially 'a review and consolidation of pre- 
viously learned skills, with the emphasis on using the Q in the open 
sentence to represent the unknown, A variety of -problein situations were 
used including a number of oon-canonical ones, 

' Lesson 9 * This final lesson was again a review and consolidation 
of previous lessons. 

The lessons were conducted on an individual basis by one of the two 
principal investigators. With the exception of one lesson with one child» 
all lessons were obsefved by a second person who acted as recorder of the 
lesson. - The average lesson took approximately 20 minutes. For the 
earlier lessons, several, days intervened between lessons whereas during 
the latter portion of the experiment, lessons occurred on an almost daily 
basis. Lesson dates are given in Table 3 for all four children. 

Prgblem-S dlvin g Interviews 

■ ; On the day following the last lesson, a follow-up interview was con- 
ducted with the four students as a posttest. Six problem tasks were pre- 
sented with the computer available to assist in sentence writing and 
solution. An additional six problems with the same semantic structure 
as the first six w6re given with paper/pencil and physical manipulative 
objects to help with sentence writing and solution. The order of presen- 
tation was balanced. Two v:hildren received the computer tasks first and 
paper/pencil tasks second and the two other children received the tasks in 
reverse order.. Two of the children used the computer with Set 1, and two 
useA the computer wtth Set 2. The 12 yerbal problems are listed in Tab?e 4. 
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Table 3 

Timing of Individual Lessons 



Lesson 



Subje<;ts 


• 1 ' 


2 


. 3v 


A 


5 


6 ■ 


7 




9 


Jack 


A/29 


5/11 


5/12 


5/16 


5/17 


5/19 


5/20 


km 


5/25 


Roger 


A/29 


5/3 


5/11 


5/lA 


5/17 


5/18 


5/20 


I 5121 


5/2A 


Helen 


A/28 


5/3 


5/12 


5/16 


5/17 


5/19 ^ 


.^5720^ 


. 5/21 


5/25 


Kathy 


A/28 


5/A 


■ 5/13 


/51A 


5/17 


5/l\ 


5/20 


5/21 


5/s25 
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Table 4 

Sentence Writing Posttest Ta§Ks 



Task Set 1 



Task Set 2 



1. Separate 

• James had 15 peanuts. He fed 7 of 
tl\em to a monkey. How many peanuts 
did\^James have left? 

2. Compare 

Amy won 8 prizes at the fair. Her 
brother Todd won 13 prizes at the 
fair. How many more ptizes did Todd 
win than Amy? 

3. Join 

Fred had A flowers. 'Then he picked 
7 more f lower s» How many flowers 
did* Fred have altogether? 

A\ Separate, missing minuend " 

Charles had some marbles. He lost 
5 of them while playing a game. 
Then he had 7 marbles left. How 
many marbles did Charles have 
before the game? . ^ 

5. Join, missing addend 

Tony has 8 toy cars. How jnany more 
toy cars does he have to buy 
have 12 cars altogether? 

6. Combine, missing part 

There are 16 dogs in the park. 
Eleven of them are big and the rest 
are little. How many little' dogs 
are in the park? 



6. 



Compare ' 

Ellen has 7 halloween candies. Her 
friend Greg has 12 halloween candies. 
How many more candies does Greg have 
than Ellen? ' 

Joia, missing addend 

Robert has 8 pet fish in his tank. 
Hpw many more fish does he have to 
put in the tank so there will be 14 
fish altogether? 

Separate 

Jeanne had 13 buttons.- She gave 9 

buttons to Evelyn. ' How many buttons 

did Jeanne hav<i left? 

Join 

■4 

Norman had 6 books. His friend gave 
him 9 more books. How many books 
did Norman have altogether? 

Combine, missing part 

There are 19 children in the class. 
Twelve, of fhem are girls and the 
rest are boys. How many boys are 
in the Claris. 

Separ,?t:e, missing minuend 

There werre* some birds sitting on a 
wire. Four of the birds flew away. 
Then there were 7 birds left. How 
many birds were sitting on the wire 
before any flew away? 



Note. Tasks are listed in the order presented to subjects. 
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' Individual Student Results 

This section contains brief anecdotal reports for. each of the four 
subjects. Collective results on the posttest follow those reports. Over- 
all conclusions are presented in the following section. 

Jack 

At the beginning of the school year, Jack had been placed in the 
"better", of the two mathematics classes of first-grade pupil? • On the 
screening tasks, he used a Counting On from Larger strategy. ^ However, 
when given less familiar problems. Jack resorted to use of direc.t modeling 
strategies that call for use of physical objects* . Hisf choice of strate- 
gies demonstrated that he understood the structure of all problems except 
the standard Compare problem. 

The initial lesson presented little or no difficulty to Jack, although, 
as might be expected with children of his age, he demonstrated complete • 
unfamiliar ity with the computer keyboard.. He did not make use of the. 
liatterned TILE configurations of the squares shown on tho^video display to 
quickly ascertain the numerosity of the display. In fact, he tended to 
visually scan the display vertically rather than in a horizontal fashion 
as might be suggested by the -arrangement of the squares. Because of the 
relatively long period oi time between the first and second lesson. Jack 
required extensive review of the computer procedures in the second lesson. 
Howevet\, the larger numbers used in* th§ problems had no deleterious ef feicr"^ 
on his ability to solve the problems posed. When shown how to enter the 
■•displays using numeral keys rather than the Q key. Jack's expressive face 
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registered a large measure of both interest and delight, Midway through 
the teaching sequence, Jack seemed to be feeling more at ease and "was 
catching on to th« spatial configuration of the displayed square^ and was' 
using quick procedures for counting by 5s and 10s, as well as more counting 
on. 

When complete sentence writing was taught, Jack mastered the techni- 
que despite some slight difficulty with it at first and occasional errors 
during the lessons. Actually, the sporadic difficulties evidenced were 
duenmore to a misunderstanding of the problem structure than to lack of 
the skill of entering the symbols in the correct sequence on the machine. 
Jack was like the other three subjects in that he had absolutely no 
trouble understanding the need for the SHIFT key for certain entries. 
Physically, he carried out' the execution of the SHIFT key and the next key 
depression by using two different fingers of the same hand rather than one 
hand for SHIFT and the other hand' for the desired key. 

*Jack accepted very readily the use of the Q to represent the unknown 
number of the problem in the open sentence being written. This same nota- 
tion was being taught during regular classroom Instruction for 'canonical 

sentences (a + » Q; a - b - Q) . When presented with verbal problems 

k 

other than the canonical Jo±n and Separate ones, Jack wrote appropriate 
open sentences to model those problems that?*ref l6cted the semantic struc- 
ture of the problems and not a transformed canonical sentence. For' 
example, for a Join, missing addend problem, Jack entered a sentence 
such as 3 14. The computer program generated for this teaching 

experiment does not give a visual display that^ makes' it easy to solve 

37 
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such a sentence. However, Jack was able to solve most sentences of this 
type using methods such as tounting on with the aid of fingers. In 
sunmiary, Jack appeared to have learned without great difficulty the par- 
ticular skills embodied in the 'teaching experiment. The mechanical 
features of keyboard entry ^s well as certain limitations of the computer 
program in terms of number size and nonca;ionical subtraction open-sentence 
gave him no problem. 

On the posttest Jack perforafted very well. On the tasks to be per- 
formed without the computer, he was able to use paper and pencil to 
write correct sentences for alJ, six tasks. For the Compare problem he 
wrote a separating sentende (13 - 8, « Q) and used a separation solution 
strategy. For the other five problems, sentences reflected the semantic 

structure. His performance on the noncanonical problems and sentences, 

*■ 

for which little or no formal instruction had been given, was especially 
interesting. For the Separate, missing minuend problem. Jack wrote 
I j- 5=7. After thinking awhile, and referring back to the sentence 
he had^ written, Jack finally employed a trial and error strategy to solve 
the problem. This strategy is consistent with the semantic structure of 
the problem and the number sentence. Jack took much more time to solve 
these problems after instruction than he had. on the screening tasks. He 
tended to resort to complete modeling more at this time, even on problems 
he had solved with a more advanced counting strategy prior to instruction. 

On the six tasks for which he was allowed to use the computer. Jack 
also did well. Again, on' the Separate, missing minuend problem, he 
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^ried to enter in the computer a sentence of the same form as shown above. 
Since the cjomputer pro^tam would not accept such a sentence, Jack was 
thwarted from writing a complete open sentence. Yet, based on the partial 
sentence he had written. Jack again used a trial and error strategy, using 
counting skills and fingers, 

Roger 

In general, Roger exhibited highly agitated behavior, rarely* sitting 
still* He bad difficulty attending to a task, often needing to be called 
back to attention.. On the other hand, Ray at times showed examples of 
Vj,' extremely keen insight into problems ^ncf their solutions. He was very 
friendly and outgoing, obviously enjoying his perc^eived good fortune at 
being selected for participation in the experiment. 

On the screening tasks, Roger demonstrated his ability to comprehend 
the semantic structure of the various problems presented by choosing 
appropriate strategies for solution. He tended to select direct modeling 
strategies that mirrored the structure* However, he suffered from care- 
less behavior and often miscounted the model sets he had constructed. He 
showed the ability to r.ount forward from a number other" than **one*' but 
made one careless error. 

Essentially, Roger did not have any difficulty with the mechanics 
of using the computer. Because of his tendency to let his attention 
wander, a greater amount of repetition was required for him than for fhe 
other subjects* However, his choice of modeling behavidrs withMihe • 
computer showed that he had ao difficulty .with the semantic structure of 
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the problems presented. During the lessons when the numerical and opera- 

tional symbols were introduced, Ray evidenced an upsurge in interest and 

> 

ability to pay attention. His tendency to miscount, shown in the screen- 

ing tasks and in earlier lessons, disappeared during this brief period of 
» 

time. The problem types ^ere the easier, on^, perhaps accounting for' 
this improvement in performance. In subsequent lesson^, Roger's behavior 
reverted to periods of outstanding insights to problems mixed with other 
periods of inattention. When presented with nonroutine verbal problems , 
oJ[ a noncaoonical structure,* Roger took more time in solving these prob- 
lems, very often subjecting them to a semantic analysis based very clearly 
upon the instruction he was receiving in class. 

The use of the SHIFT key to enter +, and the Q was a. relatively 
easy matter for Roger. Curiously, however, he did not seem to realize 
that the numerical keys in the topmost ^row of the keyboard are in numeri- 
cal order. Rather, he often engaged in what appeared to be a random 
search. . , * ' . 

On the post test, Roger gave clear evidence qf acce^pting the idea of 
writing a number sentence to represent a problem before attempting to 
solve it. When verbal problems were posed to be solved without the com- 
puter, Roger always first wrote a sentence and then tried to solve it 
using"" the cubes provided. As in previous instances, Roger made several 
mistakes in counting both with the computer and without it,. By and la^e; 
the sentences he wrote were canonical ones with the exception of the. Join, 
missing addend problem. On the computer he entered the sentence 8 + Q = 14 
To solve this sentence, he counted on from 8 to 14. As his device for . 
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keeping track of the number of counting words he uttered, he used tne 
keys Q!W E R T Y on the keyboard, finally counting those keys to get his 
correct answer of 6* 

Tor the missing addend pi^oblem without the computer, he first wrote 

8 + 



12| , using the space rather than the box to represent the unknown. 
He solved the problem using a*n adding on strategy. Then he said "Oh, 
that's supposed to be take away.'^ and changed the + to a and wrote his 
answer in the space he had left. In other words, he initially wrotP a 
correrr open sentence and solved the problem using a prpcess that wa^ 
consistent with the sentence and the problem structure. In his regular 
mathematics class, Roger had been taught to arfalyze word problems in tc^t... 
of part-whole r^^latioaships and toHjrita canonical subtraction sentences 
when one of the partes was missingv ^It appeal Ghat Roger recognized that 

) ■ / 

the ^iiswer was one oX the parts and concluded rhat a subtraction sentence 
was called for. ' , ^ - f ^ 

The one 'incorrect sentence Roger. wrote was for the missiiig minuend 
problem '(Problem 4). He wrote *'7 - 5 =0*" Subsequently he attended to 
his number sentence rather than the problem, constructing a set of ^ ^t.^^, 
removing 5. Thus, Ray appeared to attend to the number sentence's and re- 
garded them as something that he used in solving a word problem* 

Helen 

J K 

Helen gave very clear explanations of her strateg ic5 * On the scrfe^^n* 

ing tasks, she was generally successful, missing only the noncanonical co*i 

parison problem nurab^T- 3 (see Table 1)* On almost all problems, she used 



4i 



an advanced counting strategy of counting on, with her finger^ selrving 
as* che tracking mechafiism. However, on the two Separate problems, she 
used a simpler direct modeling strategy using the cubes provided to im- 
p^efaenc the Separating Flosi strategy. On the Lhree sentence-writing tasks, 
she managed to write a coriecc sentence only for the canonical subtraction 
problem. She did ^ however, determine the correct solution for all three 
probJems. 

Kelcr: did extremely well during the first lesson* She caught on 
<;Micklv to the functions of the various keys liml were'' introduced to 
her. Her Svlur.ion by counting tne displayed objects on the vidoo monitor 
iivii'^aCDd ohe was using the same counting on techniques she used in the 
scrv-enin^ tap.k?. ia the second lesson, Helen d3d noc do as well, perhaps 
due to che i^ct zhat larger numbers were involved in many ot the problem 
slcuacions given tv. her. She was mi-.ch ncre tn-thcdical In her solution 
ii,c-.rv-Jf?. ond rendec lucre counting eitr^ri* iTur:"'*^, the jevard 

i-s:r:->oriC when rhe numt-ricai and o-er^iLioiial symbols were introduced, Helen 
^t»rf Di.T..^»l a ve I y ^-t:^ora:jrAry lf»vf^i. She Icarneu how to ^utti^ ard 

th^ -^ytr>oib correctly to get number sentences, although aiiuosc all 
of -rsin r^aXatcd to simple canonical izituations. When theQj wps intvo- 
uaC5c:a repre^-ent the missing number. Helen used nonranonical sentences 
to represent different tyrc^ of problem situati.nc. During instruction, 
■ y r.^olc^- ot^ sentence ^nd .solution method shovod that Helen .was strongly 
Infi'ier-cc; thtf di*2Siantic structure of the verbal probiem.^ Deinc solved, 
rhrough r.ll the lessons, Helen cleaily showed that the use of the computer 
kfO-oard axid the accompanyiup vldec display prcsenteJ no rt^al problems to 
her* with^^r mechani;.*:iil> or conceptually. 
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On tbe posttest, naien was the one subject who did not consistently 

-i ^ ^ 
/ IX' 

use number sef^tencss tcl'solve problems. For thiee of the problems without 

\ - - ' 

th«j, computer,' Heion s^£ved the problem before ^j>he wrote a number sentence. 
Foi cne compare problem with, the computer, she entered the incorrect aen- 
tence '8 + 13 = 5," using the yetK of 8 and 13 generated by the ccmpurcr 
for the o/ddition sentence to solve the problem by thatching. 
^ ' In general Helen was Influenced by the ^structure of the probleTn and 
modeled the action or relationshios describeo in Lhe^Droblem, On three 
of the six problems presented without the computer ^ she used tally marks ^ 
^ strategy sii^ had not used on the screening task.- or during instruction. 

Kathy 

Kathy turned out to be a very apt pupil. She displayed the ability 
to pay attention the task at hand for sustained per xodc tiiTiC* even 
when t"^- problem^Ta^ik proved initially difficult for her. Of the four 
subjects, Kathy was the quickest to recognize the special S|^atial con- 
figurations of the squares on the video display. She used the configura- 
tions to her advantaj:c when couiiting th^^ displays, rarely taking the time 
to >count all the objects shown. She would' mentally move squares back ana 
for til to make completed groupings of fives and tariS which she *would 
then count as a complete totality. For examuie, on a problem involving 

the counting of 12 squares in sector a and I9 squares in sector Kathy 
*' 

quickly gave tbie correct total of 31. Upon Guest ioning how she determined 
the answer so ra'pia^y, K'athy tolu of mentally m^virig cne of the two lower 
squares in the 12-conf iguranion over to the right side to make the 19 into 
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a 20, whereupon she could cotlnt 10, 20, 30, and the one lone square left 
from the l2-conf iguration to^ make the total of 31. This ability was com- 
bined with' a related problem-solving technique of using derived number 
facts. For example, on the screening tasks, she responded that 13 9 
was Vfour" because 13 - 10 is 3 and since 9 is one less than 10, the 
answer* must be one .more, which is 4. On all the other screening tasks, 
Kathy used direct modeling problem solving procedures, although she was 
capable of more sophisticated counting procedures. 

'The content and skills in the initial lessons were rather easy for 
Kathy. She 'quickly learned the function and use of the specific keys and 
then applied them to the solution of the verbal problems posed. Almost 
at once, 5he reco gnized the patterned. configuration of the displayed 
squares, as she easily determined the numerosity of particular sets of 
squares. The larger numbers embodied in the problems of the second lesson 
did not faze her. This is not to imply that Kathy solved every problem 
immediately^ and correctly. From time to time, she miscounted sets of 
objects or incorrectly interpreted a verbal problem. 

The lessons in which the numerical and operational symbqls were in- 
troduced and practiced also went well. Kathy had little or no difficulty 
with the mechanical arid conceptual aspects of this portion of the experi- 
ment. As before, she used the special configurations to her advantage. 
Writing open sentences with the was a skill that came easily to Kathy, 
and she exhibited the natural tendency shown by the others to write literal 
translations that reflected the semantic structure of the problems, rather 
than always writing canonical sentences that are more easily solved. In 
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later lessons when Kathy received more experience in solving verbal problems, 
she became better at analyzing and 'solving them, and when the number sizes 
were small enough to be in the "basic fact" domain, she very often opted 
to soT them quickly by means of direct fact recall or derived fact 
strategies rather than take the tinte to write a sentence with the computer. 

On the posttest Kathy clearly listened to the problems posed, analyzed 
them, and tlien wrote appropriate open sentences for them, whether the com- 
puter was available or not. When the computer was not available, Kathy 
used cubes for all problems, and generally modeled the number sentences 
she wrote* For the Compare problem, she wrote 12 - 7 = Q and used a 
separating strategy. 



Posttest Summary 5. 

. I ■ 

Sentence writing performance for the posttest is summarized in Table 5. 

\ 

Three of the four experimental subjects consistently wrote appropriate 
number sentences and solved the problems using strategies that: were con- 



sistent with their number sentences. Although th^^ourth subject did not 
write number sentences for three of the problems solved without the com- 
puter^ only once did she write a number ^ent^nce that was inconsistent 
with her solution strategy. \ 

9 

This performance is in marked contrast to that on the screening 
tasjcs (Table 2). Before the experimental unit, non€ of the four sub- 
jects wrote correct sentences for the Compare or Join, missing addend 
problems (screening tasks 8 and 9). They C9nsistently ignored their in- 
correct sentences and directly modeled the action or relationship in the 

4o - 
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Table 5 

Sentence-Writing Performance on Posttest 



Problem Type 



Number of Correct Sentences' 
Written Before Solving 
(Maximum = 4) 

With Computer Without Computer 



Change /Join ' 
Change/Separate ■ 
Comparison 

Combine, missing part 
Change/Join, missing addend 
Change/Separate, missing minuend 



4 
4 
3 

4 
4 
3 



4 
4 

3 
4 

3 



Note» Wording of tasks is given In Table 4, 

^One child initially wrote a correct sentence but changed it after solv- 
ing Che problem. 
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probl^. On the po'sttes.t, -i^r ee of the four subjects wrote correct 

number sentences for the compare problems and solved the problems using 

a strategy that modeled their r\umber sentence rather than the structure 

* 

of th'e problem. The same three cbildi;^n also wrote correct noncanonical 
open sentences for the missing addend problem, although one of them sub- 
sequent ly altered his correct sentence. They were even generally suc- 
cessful in writing^ correct sentences for the missing minuend problem, 
on which almost no instruction was given, 

V K 

General Concl usions 

The major objective of .the instructional program tested in this ^ 
pilot study was to teach first-grade children to represent and solve a 
variety of addition and subtraction word problems. Instruction was de- 
signed to help children understand the connection between the informal 
strategies that they natjarally invent to ^solve word problems and the 
number sentences that they are taught to write to represent them. The 
results of this initial pilot study strongly support the conclusion that 
an fftstructional program based on principles underlying the pilot study 
would be effective in teacliiag renpresentational and formal problem- 
solving skills for solving addition and subtraction word problems, 

' Prior to instruction, all of the four experimental subjects wrote 
inappropriate number sentences for all but the most straightforward 
addition and subtraction ^problems . Furthermore, they generally viewed 
the number sentence^ as unrelated to their solution processes and ignored 
the sentences they wrote when solving the problem, arriving at a solution 
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by directly modeling the action *or relationships described in the prob- 
lem. 

Following instruction all fpur subjects could write number sentences 
to represent most problem situations and successfully Used. this ability 
to solve a variety of problems using the computer. Three of the four sub- 
jects transferred this ability to problems without the computer, -To 
solve a simple word problem, they would first write a number sentence 
and t-hen use a solution ptocess that modeled the number sentence not the 
structure of the problem. ■ / 

One of the factors that significantly facilitated children's ability 

■ to represent and solve certain word^problems was instruction on writing 
noncandnical open sentences (e.g., 5 + □ = 13 and □ +;5 = 13) . These 

• .sentences allow children '.to write number sentences that are consistent 
with the semantic structure of missing addend problems. It has been , 
clearly documented that young children solve missing addend problems using 
an adding on or counting up process which is most closely represented by 

* * 

an open sentence'of the form a + □ = b (Carpenter & Moser, 1982; in press). 
Blume (1981) has demonstrated that children solve these open sentences 
using the same adding on and counting up procedures that they use to 
solve missing addend word problems. This body of research strongly sug-- 
gests that initial instruction on addJLtiou and subtraction should include 
noncanonioal sentences. The results of the pilot study strongly support 
this conclusion* 

During and following instruction, alUour subjects consistently 
wrote noncanon leal sentences to represent missing addend word problems. 
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In fact, the^j^lso wrote sentences like []] - ^ 7 to represent missing 
mltvuend problems (see Table 4), even though they received very little in- 
struction in this type of number sentence. 

The improvement in representational skills, however, was not totally 
a function pf learning about" noncanonicdl number sentences. Following in- 
struction, the children were also generally more consistent in writing • 
appropriate canonical sentence's for a variety of problems and using these 
sentences as a basis for solving problems. This improvement is most con- 
spicuous for the compare problems. On the screening tasks all four children 
wrote an inqorrect number sentence which they promptly ignored in solving 
the problem. On the posttest, three of the four wrote a correct canonical 
subtraction sentence which served as a basis for solving the problem. 

Students' performance during the lessons also supports the conclu- 
sioA that the instruction was successful in developing representational 
skills and helping the children understand the relationship between their 
informal strategies and the formal mathematical representations, children 
quickly grasped the concepts presented to them and were almost immediately 
ablg. to use them to solve problems. Although some problems were occasion- 
ally difficult for them, children were almost never totally confused or 
ready to give up. They genuinely seemed to underst-^nd what they were 
doing and believed that this insight gave them the power to c«w:rect their 
own errors and to solve problems that were not familiar to tKem, 

With regard to the mechanical aspects of the children's interaction 
with the computer, the results can be characterized unambigviou5>ly as 
positive, fAll four first graders demonstrated their ability to work with 
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an^tinf ami liar machine without any difficulty. No mechanical or motor 
coordination problems were detected. They understood the limitations 
the program imposed upon their decisions and actions (e.g., no number 
larger than 30, no noncanonicdl subtraction sentences) and worked accord- 
ingly, they experienced no difficulty using features like the shift key 
for upper case symbols. 

The pilot study pointed out certain revisions of the computer soft- 
ware that are needed. Currently the program does not provide a direct 

V 

solution for missing addend sentences (a + Q = and Q +f ^ = fc) • To 
solve these problems, students were required tci^use fingers or some ex- 
ternal counting procedure. During instruction we generajuly asked students 
to validate their answers by writing the appropriate addition sentence 
. . ' involving their answer. We plan to revise the program s(? that a visual 
display is produced that can be used to solve thh problem. For example, 
i consider the sentence 5 + □ = 13. Five boxes will appear in sector a 
after the student has entered 5 and +. When the student has entered the 
complete sentence, 8 blocks will appear in sector b and the arrow will 
point t;o the empty box in that sect.or for the student to fill in the 
answer. .Thus, writing the open sentence will generate the add on pro- 
cedure, making an initial set of 5 and subsequently. adding blocks until* 
there is a total of 13. 

Anotl^er revision calls for the inclusion of noncationical subtraction 
>^ sentences. A decision was'^made early in the development of the prog?:am 
to permit no noncanonical sentences with the operation of subtraction 
((2 a a and Q - i> <?), under the assumption that problems, for which 

these sentences would be appropriate would be too difficult for first-grade 
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children to understand. This assumption proved to be incorrect. Thus, 
a -revision in future prograuns will be to allow all possible sentences to 
be written. 

Another inconsistency of the program was that the displays of bojK^es 
were automatically generated if a two*^digit number was entered whereas 
they were not so generated for a one-digit number. A conscious decision 
by the chi.ld had to be made to generate a display for a one-digit number 
by means of depressing another key (RETURN, +, or =) . The program 
will be revised so that no display will appear for either one- or two- 
digit numbers until an additional operation has been performed. 

.In conclusion, further investigation seems warranted. The computer 
appears to allow children to rely upon their informal mathematics in an 
area of formal mathematics such as sentence writing. As we have argued 
before, the use of verbal problems does seem natural to young children 
because they are able to solve them in their own informal ways. The 
present experiment demonstrates that the computer may allow them to 
represent those problems in a formal way, •even though they have not yet 
completely learned the formal algorithms and number facts. These findings 
suggest that instruction could be changed to make better use of children's" 
natural ability to solve verbal problems in learning the formal mathematics 
of addition and subtraction. This pilot investigation sugges'ts that the 
microcomputer can have an important role in that instruction. 
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Appendix A 
A LISTING OF THE COMPUTER PROGRAM 




'TiPF frFOiPb <CLR,L»Ub;:>,Nl)MEE:RAl , ETm a Er-TA.R T GH 1 A. (' K , SF ACE Ji I hii 
.^--s. SCRF.FNSlOh" - <RT,MID,LT. ANS) ; 

rihKCH^Pu5.x '.i.ChlBOx.MIDDLCRlGHTBOX. ANSUiRK) ; 
] ARRfJWi/IR - vCURSORupi rURSORdc^wn. CURSORr luht , rUKSOh U-tl ) ; 

\*f\v- i\ I L t u i I Mi ^ r.n mRF<mV 10., MAxbu/; , ^ » . . j :! - x 

I JtiH> : KACI^hp r^iRRM/rO. -MA^r<LU,n. , OF /J,.:'/'V: 

Ml iNUMl h Ai. )- fiprNHO v , ADDSKNTFNC F , .-^i IR^-^F l-iTF^ICL , HFI I FRI- C- 71 ;t"v r.'bK 

» , Y . l.NMHHFR: [inFTiFR; 

\ i'\ : \ i\ 1 NO ; 
[ H t MWHt- F t: , WHF RF i jnRKFNS I DF ; 
b("t <'l- t cm t : 

^-^•A^^it la^ . , FRAHh t , F r AHF \ FRAi'li^ FR<iHF4, FRv\riFr;>"Rr^nLc-^, FRf^^^^^ 
FF Mlie<H, FRmHFV, Fp:At IFO, FRAMFiilus, FRANfmi i [u^, FRAHF o I «:<iil . 
FKr,riFtM|uat ,FKriHFiu., f- hMMHduwn, FRAI'IFr i ghl , FRAhEJ l-i I : pic L<(r 

FROl b I/l JKr v --i iRt utU;. 

tiFuIN 

RJi^C-F't: i L . 
FnD; 

^^RuFtOM!*' I wKbt^f?'^* IRtr N ON- ARROWDlh^ i 'I i ilON: MRh'HWFur>^: 

« * * I I jRSnF - tMi-*i < • Ltft r utw 

• *.M ^ .t ^ i*>'*^*3i'4 ^^^-i^^^^^^ '♦^''^^^^ 

'/c^r X.I, Milt Ji^JTL-GER; 

T(MF: 1 / ; . 

'Mf;UiR'*»RT \ /9, 5o' : 
"mil J:M_RFriUHL AC^ > S 

ViFzWFOP I . 0. 19 1^; 

i M^^F F riSl i t^^'i^F OF' 

I F.F r u : bF l"» i N • : E NO ; 

■ IHpOL t ^ RFblN X: I . ; vWDX 

R li^H 1 Hn^: -^{mWN X: FNO; 

Ar^J&t*JI R : i-<F(^ll>^ X: "''•J FFtb; 

umSF Ij »KFi I iON Of- 

C URSf M'viu.: ANIMATF \FRAMFap- X , ^ , 1 IM£ ' : 
CiiRSORclowfis ANIMATE \FRAMEdov*4M , X, t.TiMc / ; 
* C»!RS<"'Rr iaWA ^ ANIMATF ^FRAf'iFr Kill L , X , Y, TIHF:, ^-5 
^ UIKo«iRJ-t» : Ar5(TMATF(Ff<AMEle^L->. r.JIHE'? ^ 



. ♦ ' • ■ :f > 

V if )r ) 

Vi'iR riMF . A I . V: fNT&ljkR; 

CASE WHFRE OF 

lT: &tr.IN Xl:-=^-:; .nTs .r*; END; 

r<T: BEGIN ^'1:^ -IM ; END: 

ANS : BEG I N X 1 : - 3^] : >^ L' : -.36 ; END ; 
END; t I .-i^^kj t » 

ANmATT: ^Ff^ANEbla^^^ , U , \ , fih'IE.>; 
hNIHhTF (FRAMEblc^ra . V, TIME) ; 



Kt ^ ^ t 

\* PK ii'Kf.C^ — t'i Hp ^irciptijc. Hiunber^- >^ ^ 

tEGIN 

BLOCM FRAME 1 AR/GH' . St uHv > ; . ' 

BlOa ^FRAME::. ^CO/M* ,Slc;v)r, 

BLOa vFRAME3, ^EF/hL^ . Stc^v> 

PLOCf ^FRAME4, ^ HN/ST ' . Sta ; 

BLOa CFRAME^i, ^ OP/UV^ . St civ> ; 

BLUC ^ ^ FRmMG , ^ OR / 1») X ^ . S t v / : 

Bl.OC^ ' FRAME7, ^ VZ/>-f ' . SI a^V ) ; 

BLDCh -.FRAME^^, ^ed'i I . SI c^v) ; 
Bi.Gl.l- FRr^MfcO, ' \ 1 .'gr ' . bL.tv ) ; 
BLOC^ FRHMEplut^ , ' dm/ - t ' . St t^v > : 
BLuri- U-KAf1E»nn »Hv» ' op/viv' , 31 av > i 
BL bc\ PHAHF t> icMi\ , ' / u ' . St- V ) ; 
Bl Or:^ <FhV»MFemu^i . ' w\ Oi ' .SLc^v > ; 
BL Or^ ^FRuht^ip, • » . . , St civ^ ; 
Hi OCA Khhr^lMr iijht . * 4!:. ' ,Sl > ; 
BLOrf ' FhvHMEl t^t I . ' ,-s7/ ^ , SI ; 
BLi M ^ ' Fhi^i'lFduwii, * ' * • St rvv > ; ' 

END; 



P'-nCFulihl- DRAWNIIMBER (NUMBER; ThJIEGER; WHERE: SCREENS IDt » ; 

<^ DKriUJNliMBf: F - t'lrK.H futmber oi i uh-usi d*.--« ^) 
^ t . » . ^ 

/» ♦K ( ^ f I . , I IN IT ^ : [ r^J T F GER : 
fFN: ' HUOLFAN:, 

b hi 11" t tntRl ORriWuiG [ 1 ' 1 FN: HtlOLhAN: hJUMBER: (NTEbt R^ i^JHIr KF : r-fRI: t iJb 1 Of > : 
VAK T IMF . \ , <i [MVEbhR: ^ * ' 

^ BFiSlN . . 

lJ^JV TIME; 0; Vi-TO: ' ^ ^ 

-T"^'"'" CASE WHERE OF . 
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END; ■<■* cast- *) 



1 : 



6; 
7 . 

S: 
<V: 
F.ND; 



hNIMAIF (FRAHFu. 
hN I MATE tFRAMEl . 
ANIMATE ',FRAriE2, 
AN[MATE<FRAME3< 
ANIMATE (FRAME4, 
ANIMATE (FRAMES, 
ANIMATE <FRAME6, 
ANIMATE (FRAME?. 
AH I MATS' (FRAMES, 
hNIMATE(FRAME9. 
U case *) 
If iit awd I (.11 1 t > 



/., f , TIME) 
X,V,TIME> 
X,V,TIME) 
X,Y, tiME) 
X,Y,TIME) 
X.Y,TIME) 
X,Y,TIME) 
X,Y.TIME) 
X,Y,TIME) 
X,Y, T [ME) 



ll--i»^iHtjrii.,RAL THEN EX 1 T (DRAWNUMBEH ) ; 
CLEAFNUr-i ' WHERE : • , 
TENS: -NUMbER DIV lo; 
UNITS: ^-NUMBER- FENS* 10; 

IF TENS . 0 THFi'i BEGIN TEN;. TRUE; DF'lf^WD LG 11 \ I EN, I E- Nb . WHFiRE > 
FENr-^FAl SEi DRAWD [GIT TEN, UNITS, WHFRE > ; 
FND: 

PROCEulIRt- ORmWBiiX (X. r: INTEGER: CGlOFv: ;3r.RFElCnLuR • : . * 

- L»RhWF<1" "Mt-^uf tui;. -rLi-eeii i (-.<-■.('. i uf i . . 

• ^' 

bEBlN . 

V lEWFORT vX, X+ 7, V . Y+7 ) ; 

F I UL SlREEN < COLOR ) ; . 

VIEWPORT 279, o, tvn ; _ _ . 

ENF^; 



Ji^lDE*: j 



I- RGC F.DtiRf CKEhT F ^^.RRAY ( INHERE : bCREENi^l Dt 

CREATtlMRRt-Tr - » r wa* f I bu;, diid 1 Uaj;. ofrr-iv.-.. 



VAh X. /. BDXl-llJH : INTEf'^ER; i 
BEGIN 



CASi 
lT: 




WHERh OF 
BE(t(N 
X : - 2 : /<• : - I o7 ^ 

FOR-'riOXNUM: ^ 1 TO MAX BOX DO ' 

BEGIN 

LTBOXCBOXNUM, O-J s -0; 

I. TBOXC-BDXNUM, 1 1 : -^X ; 
L r BO X C BOX NUN . 2 j' : - Y ;^ 
[FX. m5 
I HEN 
BfcbIN ' 

X: -2 : ^ 

IF ( ( t,BOXNUM"> MOD 3C>)--0> 

END . ' . 
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THEN :- Y - 24. 
ELSE Y:^ V- I As 

f 



•END; 

LTrtOXtU,u1 : -1 : 
f-NO; 



KT: Pt-.MN 

X : • t I ; < : t : - 1 o ' ; 

FOK £tOXNUt1:-=l 10 MAXBDX DO. 

BEGIN 

RTBC'<C£!0XNUM,..»,3:~0; 
RTBOXCBOXNUM. 1J:^X; 
ftrB0XCBGXNUM.23:-'Y; 
'(FX > 157 

BE-GIN 

X : •• 1 1 5 :" 

IF (((BOXNUM) MOD 1<))=^0) THEN V: V-24 

El.^E r'i-V-16: 

END 

ELSE X:-X-H4; 
DRAWBOX (RTBDKBOxNUM. 1 H . RT BO •< L bOXNUM. :rJ,}-<LrtC.I ) : 
FND; 

RlbuXCO,01 : ^ 1 : ' 
FND; ' ^ 

ENL': ( i c * ) 

END; 

FltNCTION i^ElhE'r u3K5£Ti SETOFCHAR): CHARs 

<i* 4.* *************** 
•<•* • • • . . *) 

U 6ET^ E t - uet a c har hc Ler -from kevbocird. *) 
^* • ' *> 
r*******>k** ***♦'****** ************************f^^'* 'i^'l^*-*^***** *^*'''* ' 

VAR CH:CHAk: GOOD: BOOLEAN; ■ 

BEGIN 

REPEAT , • • - 

READU FYBGARD,CH) : 

IF EOLN<h EyBOARD) THEN CH:=CHR<13); 

IF CH~-0' JHEN BEGIN STDFONT; EX IT (PRORRAM) ; ' END ; 

GfiOn: -CH IN Of SET; 

IF iNlul GOOJ" THEN RIN6BELL 
LINT (I BOOb: " . " '' 

GETi E\ 1 - i n 
END: 



PRuCEDURE I E /ChlECL (VAR f FY: CHAR; VAR CLAS53: LE t'TYF'EK", 
********************************* ***** <'***************=*<*•*****•* •^^> 
a *> 
• It f EVCHEuO - Dfcft tr tie what kit)d o-f l ti?v Wdti pK esbCiii . * )' 

a ^ *) 
U**^^*.M**(<******c<K***************************** *****************) 



VAP SPSET .DiGITS: SET OF CHAR; 



KEG IN 

GOT.OXY \4 1 . . 



r-IGIT3: - ( . . '9' 

Hin^a'SET;.«-CCHR<J-3),CHR(27) ,CHR<21) ,CHR<8) .CHR<32) , 

rHR<45).CHR(43) .CHR<61.) , CHR <63) , CHR (88) .CHR(120> .I; 



52 

IF ^Ei IN SFS6T- 
THCN 



hGCjIN 










IF 




-CHR U 3) 


THEN 


CLASS; 


-CRs 


IF 




-CHf< (.27 ) 


THEN 


CLASS; 




IF 


hEY 


■=CHR ^8) 


THEN 


CLASS. 


^-LEFTh: 


IF 


i- E V 


■-CHR <21 ) 


THEN 


CLASS 


i-RIGHT A; 


IF 


KEY 


=CHR (32) 


1 HEN 


CLASS; 


.-SPACE; 


IF 


KEY 


-CHR<45> 


THEN 


CLASS 


i^MINUS; 


IF 


KEY 


-CHR (43) 


THEN 


CLASS 


!=PLUS; 


IF 


KEY 


=CHR (61 > 


THErv*. CLASS 


:=EQUALS: 


'IF 


^ EV 


-CHR (6~'0 


THEN 


CLASS 


!=QUES; 


. IF 


< a 


. t'^CHR (88) ) OR (KEY- 


-CHR( 1 20) ) > 


END. 













THEN CLASS: -CLR; 



ETND: 

PROCEDlJRt AODBOX (WHERE: SCREENS IDE) ; 
(****** 

<* • - *•> 

<* ADOBO< - plate bux on bcreen utiiiiu c^P'pr op i a i-idt-^. *) 
t # ' ' * ) 

ittii****************'***: ************** 
VAR BOXNUM: [NTEGER: 

BEGIN 

CASE WHERE OF 

IT: BE(-.IN 

BOXNUM: ^ l.rBGXC'.i. 'JJ: 
IF BOXNUH U THEN 
etc GIN 

ORAWBOX (l.TBOXCBOXNUM, 1 :i , L TBDX C BDXNUI"! , I; 1, Hi HE) ; 
LTBOXPo,ol : ^BOXNUM+1 ; a n;t -f i- t>e. huj>; *) 

IF LTBOXtt'.Ol ■• MAXBOX THEN LTBOX fo. 03 : ^0; U nuiif-^ letl. *) 
LTBOXCBOXNUM,03 : (*'-fjilled *) 

END; 
{END: 



RT; BEGIN 

BOXNUM: -RTBOX CO , 0)3 ; 
IF BOX NUN 0 THEN 
BEGIN 

DRAWBOX (RTBOXCBOXNUM, 1 3 , RTBOX C BOXNUM. 2 3 , GREEN) ; 
RTE-iOXCO,':'3: =-BQXNUM-f-l ; (* n>;E. free bu-,. *) 

IF RfB0XC0,O3 MAXBOX THEN RTBOX CO . << 3 : ^-0; (* none lt-+t %) 
L TBOXCBOXNUM, 0 3:^1; (* ■filU?d *) 

END; 
FND; 

END; ( * i cfie * > 
FND; n • ' 

O" 3CEDURE SUBBQX ^WHEFiE: SCREENS I DE) ; ^ 

.erIg************************* ********************** 

_^ '^L csnFtBnx - remove bov! -from screen usino .the side. JjO. 



BEGIN ' 

CASE WHtKt- i)f 

LT: BEGIN 

BOXNUM : -^LTEDX T 0 • 0 1 ; 
IF BOXNUM ' 1 THEN 
BEbilM 

IF BaXNUM--U THEN BOXNUri: - MAXBUX El SH B( tXNUM: -BOXNUM 
pPAWBOX (LTBOXCBOXNUM, 1 ] , LTBOX C BOXI<lUhU r-n.BLACh ) : 
L7&0XL0,0] :-^.BC3XNUN; (i n;jt frk-t> bo>; *) 
LTBOXCBOXNUM, 03:^0; U empLv ^) 

END; 
EHO; 

. RT; BiEGIN 

POXNUM:^RTB0XCO,0J; 
IF BOX NUN ' i THEN 
BfeGIN 

IF BOXNUM-O THEN BOXNUM : =--hAXBOX El SE BOXIJUH: -BGXNUH 
DRAWBGX (RTBOXCBOXNUN. 1 1 , RTBOx; TBOXNUM, 23 , Bl : 
RTB0X10,03:^^B0XNUM; U ir;L •frt:>fc>bu/, ^) 
, , RTB0XCB0XNUM,03: ^0: * omptv *) 

END; 
END; 

END; V * 1 e J*:) 
END; 



F-F:UI:FDLIRF NOVEBOX(FRONs SCREENSTDE^: 

. . *^ . 

<* NOVEBOX - 'ir)^u.<f t le boM tr urn -:>idf:' lo - ide 

^ * . - * ) 

**.f**;ik**** ******** 
VAR BOXNI.IM; INTEGER: 

CfiSE- FROM ijF 

1 T; fiEAlN 

!^ LieOXlO.'»1 I THEN 

at; R [ M • • ' 

bl'BbCo; vl.r ) ; , 

DRAW&OX (So, i ;o. Hi, UEy : 

DRAWBOX (Si'->, 120,GR£EN; : ' 

OR AWeOX ( 8to . 1 20 . BL ACK ' : . C 

ADDBOX^RT): 

l-^l 9E ERRORMSG; 
EMO; 

RT: BEGIN 

[F Rl BOX Co. 03^- . 1 THEN • 
BEGIN- 

ciUBBOX vRT) ; 

DRAWBOXvao, iro. GREEN) : 
ORAWBDX ( 86 , 1 20 , BLUE ) ; 
ORAWBnX V 36 . 1 20 , BL ACK j ; 

END . ' 6^ • ^ 

ELSE ERRORMSG; 




fc., I -twin 

END;,- 



•(* DRAWOPENBOX - place apfefi bo>; on screefi. J^J 
^ var- X,Y: INTEGER; 



BEGIN 

IF NDNUMERAL THEN EX IT ( DRAWOPENBOX ) : 

CASE where: of 

,.LT: X::-3 ; 

MID: x:^:-<; 

RT: X:=^19; 
ANS: X:---34; 
END; (* t. .Hfc>e * ) . 

CL6ARNUM (WHERE) ; 
ANIMATE < FRAME bu-; , X, Y, 0 ) ; 

OPENWHERE: =WHERE: ^ 
END: 

a*I BO>.ES.;-. TEXT 

U Jr aw f out! lies tor up*-'r-.. I i J J 

PROCEDURE DRAWEQLIAL3: 
BEGIN 

IF ^AD^SeNTEr■^lCE OR 3UB5ENTENCE 'T HEN 
BEGIN 

CURS«Gh u URSORdowi) . ►ANSWER) s 
WHERE: -ANS; 

TP WONIJNERAL THEN EX I T ( DRAWEQUAl.S ) : 
y.i^2&i Y":--CO: AN I MATE (FRAMEequcHli*, )(,'>,'>> ; 
END: 
END; 

PROCFbliKl- DRAWPLIJS: 

BEGIN ^ 

ADDSF W Ti; HC E : - TRUE : 
IF NONUMFRAL THEN EXIT (DRAWPLUS> : 
;,:^ir: i:^20; ANIMATE (FRAMEplutb, X , v , o> ; _ 

END; 

PROCEDURE DRAWNINUS; 
BEGIN 

SUBSENTENCE; =TRUE: 
IF NONUMERAL THEN EXIT (DRAWMINUS) : 
X: = 1'I'; Y:^20: ANIMATE <FRAMEmijTus, X , V . o) ; 
END; ' J 

N PROCEDURE ESCAPE: 
•BEGIN 

FILLiXREfc:N(BI^ACl> > : 

CLEARNUM a.T ) : 6^ . 

rD?/--'^REATEARRAV<LT) ; ' ■ 

£f\|L CLEARNUM(RT]f s 

CREATEARRAY(RT) s 



ADDSENTENCE : =F ALSE ; 
SUeSEr4TFN( F : f FALSE; 
• OPE.NfUiK : f Al ; 

PROCEDURE F.NDNUMERAl (NUME^FK; INTHGER; WHERL > Si FF FUSI. 1 ^ : 

VAR I; INTEGER; 

BEBIN 

if; NUHBILK - o 

THEN DRf^iNUMBER( NUMBER. WHERE) . 
ELSE FOm I:^ 1 TO NUMBER DO ADDPOX (WHERE) : ' 
END;' 

^l-r.OCEDURF LEFTSIDE: 

******** ******* 

(* LEFTSIDE • ' ^ *> • 

••t ' 
\*)j(**)l(**^^^******'^^************)^**************«^**^******** ^ 
^*1>G+*> 
L ABEL I : 

VAn- l-ev: THAR: 

SUSTR: STRING: ■ " 
CLASS: reVTVRE: 
DIGI rnODE.DONE: BOOLEAN: 
NUMHFR; INTEGER: 
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BEGIN 

OF-ENBCj X i F AL SE : D I G I TMOiiE i -FALBE : 1 )ONE : -FAL SI- : 

NUMBER: -0: STR:=-''; Sl:^' ': 

REPEAT 

1: KE\r.HECl- tKEY.. CLASS > : , 



\ 



IF OPENBDX 
friEN bEGlN 

IF ( ^ ^rLASS-^FBO OR I rLf tSS-PMJS) > OR ..BS- CA..R > ^ 
THEN BEGIN END 

ELSE BEGIN ERRGRMSG; GOTO I; END: 
FND; ■•■ 

CASE r I M.-^S UF 
TH: BEGIN 

IH niG.ITMOl)F 

u ; THEN 'REG t N LNDNUMERhL i NUMBER . WHERb ) : D [ b I VMl ifif : -F .'.LoE : 1 U : 

END: 
CLR: BEGIN 

CRFATEARRAV ^LT> : 

CLEARNUMd T) 5. ' - - . ' 

OfENPOX: -FALSE: D 1 61 TMODE: -^FAI SE : NUMBEF;: «<: SfK: 

END; 

E-C: BEGIN DONE: -TRUE: ESCAPE; END; 
LEFTA: BEGIN 

3TR:-M'J3': ' 

SUBBOX 'WHERE > : 

IF LTP0X[O,03 • 0 

THEN NUMBER: ^LTBOXCC). 03-1 
ELSE NUMBER: =MAXBOX: 
IF NUMBER ;.■ 0 

THEN DRAWNUMBER (NUMBER, WHERE) 
Q ELSE BEGIN . * • 



CLE ARNUM (WHERE) ; 



STR:=' ' ; 
D I S I TMQDE : =F ALSE s NUMBER : -0 : 



. > I H : • ; . 4 

If I ( Ki'^Xlo^u j »i 

ELbh: NUMBER: ^liAXBfU: 
l\- NUM&tfR ^ ^"^ THEN DRAWl^lUMbkfK UlUl l&t R.. WHbRP 

FHtN Btr-ilN fNDNllMERAL (NUMBER, WHfrRt ' ; OirnirMuOr:; Fiii. ^1-;: hJi-^: 
WHERt-l: R3 ; 
DONE :^ TRUE: 

If c;)-,:;- ^ THEN .hMOUUrU ;-nL -t^iiribl-r . ViHf Rf >1 

WHERE- HlU; 

lit'.. bfc J • Ui 

If \" 1 iirirNhtl'^' Mlii' • in » ^ {illi U ii liMill H« il I 11 .i It K . ^-ih 

i>i «Nr ; » hUF : 

WHfc RF • R ] : " 

I-KriWEO) lAL 
>lHFRf: -ANS; 
l>0h4E: ^ TRUlr : 

LNi ; . ^ 

ir :>rr- ' i ^hem 

II I M«it^) H ^ ..1 R ' t 

I iMf 

BFHrii 

> U I I : • ^ b » : 

-TUNC Til <V^1K- -U • . ,>jni'IBK»^: "-i > . 

:mUJNUHBER (NUMBER . WHERE > s 
ImViI TMuDE: - TRUE: ^ 
IF NUMBER MAaBOx FHI^N 
BEGIN 

NUMBER: -^"); 
SIR: 

ERRORMSG, 
r>[GTTMODE:- EhL SI ; 
■CiauiRNiJM a 'I ^ ; 
END; 

U NMMFtER.^' rHF^r 
^tECi(N - 

FNDNUMRRAL vHUMHER , WHF RF -5 i-ltW ^ ; - fH M . 

. S FR : - ' i ?3 ^ ; 

EL5H ERKORMBSs 



I- NO; • 



^ ********************************** **************4.*.**'t!*4'4*> 

• ^ *) 

(* rUDSClREEN ' *> 

(♦♦♦i********************************** ****** ****^;***** 
VAR fEV: CHAB: 

§1,STR: STRING; 

tl.ASSt 1>EVTYPE: 

D I G I THODE , DONE : BOOLEAN ; 

RTNUMBER , LTNUMBER , NUMBER : T NTEGER : 



F•ROCFDUF^F TRANSFER ^NUMBER: INTEGER: WHERE: Srp.tLNhl DE - : 

VAR I: INTEGER; 

BEGII-J 

ir NLIhHER - LTNUMBER 
THEN 
BtoIU 

tF NUMBER-n THEN ORAWNUMBER ^NUMBER, R7 > : 
KOR C:-- I' lO NUMBER DO 

tCG IN ' ■ 

MOVEBOa (WHERE") ; 
> DRAWNUNBER ( [ , RT » ; 

END; (3- 
END . 
ELSE ERROR-MSG; 
FNf-; 

.bEG(N 

[) I G 1 rnor.E : -^F ALSE : done : --FALSE ; 
NUMBER: S f R: - ' ' ; S 1 : ^ * ' ; 

Cr LTB0X[0,'-'3 " u 

THEN L TNUMBER: ^LTBOXf o, 01-- 1 
E I SF' L 1 NUMBER : -MA x bO ^ ; 

REPEAT 

i (■ u HtCi a E t , f I ASS > ; 

L A>E t I iV. >S OF 
1,1 h : HE I- IN 

IF RlBUXtO.nJ 0 

• THEN RTNUMBER: =-RTBGXCu.O]-l 
ELSE RTNUMBER: -MAXBOX: 
TRANSFER (RTNUMBER, RT> ; 
CREATEARRAY (RT) : 
CLEARNUM(RT) ; 

01GITr'IODE:=FALSE; NUMBER: U; STR:^' : 
IIND; 
LR: wEh[H 

IF DIGITMODE mEH 
BEGIN 

TRANSFER (NUMBER, LT) ; 
DIGITMODE: -FALSE; STR:-M23'; 
rr-ID; r; . 

END; OO 
CD?/-- l^EGIN,, DONE: -TRUE; ESCAPE: END: 

cKJC LEFT A: BEGIN 

&imin;irfl7ir[?iTma * oTr- ^9 t ^n*^ ? 

o I n 5 — A .fc-O « 
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'IF NUMBER 0 THEH DRAWNl. (i^UMbFh, h f ' ; 

SIR: ^ m: : * : 

MOVEBOX <LT) : 

IF ftrBOXCCO'b ^ 0 

THEN NUMBER : ^RTBOX C o. u :i - 1 
f^LSE NUMBER: ^MAXBOX; 
IF NUMBER 0) THEN DRAWNUMBER (NUMBER . RT ) : 
FND; 
ShArF: BEGIN 

IF DIGITMODE 

THEN BEGIN TRANSFER (NUMBER, LT ) : Oiiii P-1UDF; Al A" 
DRf^WEDUALS: 
WHERE :-ANS: 
DJlNE : - TRUF : 
FNL'!; 
1 1 \ { i HlrL^ 1 N 

DRAWMINUS: 

JH ^DIi^ITMDDF rtR ^^:7rR ^*H'^.' ^> 

iHf^N IRANSFER^NUMBEk.I Tj : ^ 
WRmWEDUALS; 
WHERE s -ANS; 
DUMt : -TRUE: 
ENE»; 

Kl U:"), HFGIN 

ir iXra-TH <STR) -0 
THEN 
c^FGIN 

DRAWh'LUb; 

ENDNUMERAL ^NUNPER.R \ > ; 
DONE: - TRUE; 
WHFRL : -RT; 
hNl) 

bLSF ERROR MSG 5 

f Ml i,r BEol N 

li r;-|f;: ij;/ THEJi i Ri .i I^F * i'iU[ It^r.h . I I*; 

DRAWEOL^hL B: 
WHERE: -ANS: 
DONE: - TRUF : 
END; 

OlJEci: ERRORMSG; 
NUMf F Al : BE6IN 

IF l.tNCnH'STR> ^ 1 
THEN ' 
BEGIN 

Sirn:-^KE/: 

B1Rs--C0NCAr ^a^'R.Sl * : NHMRtRi- VALUE (SIR) : 
DRAWNUMBER (NUMBER. RT > : 
UlOI r MODE: -TRUE; 
IF NUMBER ' LTNUMBER THEN 
.BEGIN 

NUMBER i'^^'U 
* STR:=-' ' ; 
ERRORNSG; 
Di6ITMODE:=^FALSE5 
CLEARNIJM(RT) ; 
END; 

IF NUMBER>9 THEN 
BEGIN 
TRANSFER (NUMBER, LT) j 



V 



6/ 



' t^Mu 59 
ELSe ERRORMSG: 
FND? 

UNTIL DuNfc; 
•END; 

PROCEDURE RIC5H1SIDE; ^ 
i* RIGHTSIDE ■ ^ t) 

( 3|c 5^ 3^ 5^ jjt jjt ijc )|c )|c J^C )j( 5(C <^ ^ )|C )|C ^ JjC ^Jt ?|{ 5|C 5^ ^ )|C 3^ )|C 3||C «^ <^ ^JC 5JC 1^ 3^ >^ }|C )^ )j( )^ ^ ^ )|C ^ ^ 

VAR HEV: ,CHAR: 

Sl.STR: STRING: > 

CLASS: hEYT^PE; 

DIG! r NODE, DONE": BOOLEAN; 

NUMBER: INTEGER; - . 

BEGIN 

DIGrfMOD&: ---FAL^fc":^ DONE: --FALSE; 
NUMBER: -O: STR: :--': Sl: -^ '; 
REPEAT 

KFYCHECI- (fEV. CLASS'; 

CASe CLASS OF 

CLK: begin • . .V 

CREATEARRAY(RT) : 
CLEARNUIKRT) ;• 

IF. 0PENWHERE=RT then OPENBOX:=^FALS^E; 
D I G I TNODE : ^F AL3E ; NUMBER : --0 ; STR : - ' ; : 
END; . , 

CP: BEGIN 

IF (DIGITHODE AND ^SVR- ■'1.:'3')) 
[>: FHLN BEGIN ENDNUMERAl ( NUMBf R. WHERE ) : DIoITMODE: -FALSE: b'rR:-^M23' 

END: . ■ ■ 

FSC: BEGIN DONE: -TRUE; ESCAPE: END: 
I EFTA: BEGIN 

STR: ^' 1 ^-3' : 

SUBBOX (WHERE > ; 

IF RTBOXro.OD ■ 0 

THEN NUMBER: ^RTBOXCO, 0 3-1 
HLSE NUMBER J^MAX BOX: - 
IF NUMBER THEN D-RAWNUMRER (NUMBER, WHERE) : 

. END: 
R1C<H!h: BEGIN 

STR: 123' ; ' ' » 

ADDBOX (WHERE) ; 
IF RTBOXCCOD > 0 ^^^^ 
THEN NUMBER: =RTBOXaBfcy-i 

ELSE NUMBER: =MAXBOX?^^ 
IF NUMBER .0 THEN DRAWNUMBER (NUMBER, WHERE) : 
END; • ~ • • " 

SPA(. h: BEGIN 

IF STR . '123' Ti^EN ENDNUMERAL (NUMBER, WHERE) ; 
IF (ADDSENTENCE OR SUBSENTENCE) THEN DRAWEDUALS: 
WHERE :-=ANS: 
DUNE:=TRUE; 
END; 

FRir' MINUS: BEGIN • • ' ' 

IF LENGTH tSTR)=0 
THEN ' Gci 
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12:.' ' ) THEN 



DRAWMINUS; 
WHERE: =^-MID: 
DONE:=TRUE; - 
END 

ELSE ERRORMSG; 
END; 

PLUS: BEGIN 

DRAWPllUS; 
IF DIGITMODE-^fHEN 
BEGIN 

ENDNUMERAL (NUMBER, WHERE) ; 
STR:^M23'; 
DIGITMODE: =^FALSEs 
END; 

END; 
EQUALS: BEGIN 

IP sTR '123' THEN ENDNUMERAL ( NUMBER , WHERE ) 

DRAWEQUALS: 
WHERE: =-ANS: 
DONE: =TRUE; 
END; , 
0U63 : BEGIN 

IF ( (ADDSENTENCE AND (NOT OPENBOX ) ) AND (SIR- 
BEGIN 
,• DRAWOFENBOX (WHERE ) : 
STR: =' 123' ; 
OPENBOX :=TRUE; 

DRAWEQUALS; WHERE: =ANS; DONE:=-TRUE; 
END ; 

■ END; 
NUMERAL: BEGIN 

IF LENGTH (STR) ■■ 1 
THEN 
BEGIN 

SlL"n:==hEV; 

STR:=CONCA-I (STR, SI) ; NUMBER := VALUE ( STR > ; 
DRAWNUMBER (NUMBER, WHERE) ; 
DIGITMODE: -TRUEs 
IF NUMBER ■ MAXBOX THEN 
BEGIN 

NUMBER: -0; 

STR: = ' ' ;■ 

ERRORMSG: 

DIGITMODE:=FALSE; 

CLEARNUM(RT) ; 
END; 

IF NUMBER >9 THEN 
BEGIN 

ENDNUMERAL (NUMBER, WHERE) 5 DIGITMODE: -"FALSE; 
STR: =='123'; 
END: 

END 

ELSE ERRORI^; 



END; 



■ END: 

UNTIL DONE: 
END; 
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F-ROCEDURE PARS IDE; ^.^..o., 

*) 



S1,STR: . STRING; . ' . • 

tXASS; EVTYPE; 

D tr-> I FMODF , DONE : RGOL.EAN : 

I. TMUrlBEh , K TNUMBER SOL N, X . Y , NUM&ER : I NTEGER ; 



BEGIN 

DIG I rnODE: =-FALSE: DONE: -FALSE; 
NUMBER: =U; STR:-''; 31:-' ' ; 
REPEAT 

^ EVCHECh (KEY, CLASS) ; 
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CASE CLASS OF * 
CLR: BEGIN 

CLEARNUM<ANS> ; 

Dlj3lTM0DE:==FALSE: NUMBER: -^0; STR:-' ; 
EWUj 
CR: BEGIN 

IF DIGITMODE THEN 
BEGIN 

ENDNUMERAL ( NUMBER ..WHERE ) : 
DIGITMODE: =FAlSE: 
SIR;^' 1 ; 

IF (ADDSENTENCE AND GPENBDX) THEN 
BEGIN 

IF LTBOXCO.OD O 

THEN LTNUMBER: =LTBGX C0,-;)3~l 
ELSE LTNUMBER: --MAXBOX; 
IF RTB0XC0,03 0 

THEN RTNUMBER:=-RTB0XCO,01-l 
N ELSE RTNUMBER:==MAXBOX; 

IF OPENWHERE-=RT 

THEN SOLN: -=NUMBER~LTNUMBi:-R 
ELSE S0LN:=-NUMBER-RTNUMBER; 
ENDNUMERAL (SOLN, OPENWHERE) : 
l}RAWNLlMBER(S^Ol.N.OPt-NWHERE) : 
END: - . • ' 

END; 
L" wO; 

e ot : BEG 1 N IjOrU- : - 1 f ;l (F ; ESCAPE : END ; 
I EF 1 » i: BEG IN 

ERRORh'Su; 
FND; 
KltiHlMj GCGII-j 

fRRf)F<MSG; 
' F.Nli; 
r.(- e : BEG I N 

. EF<R0RM5b: 
c:ND; 
I1<NUS: BEGIN 

ERR0RM5G: 
END: . 
Fi-llS- BEGIN 

FRRORMSG; » 
END: 
EOUAUS: BEGIN 

DRAuJEOUALS: 
END; 
C'Ue?i: BEGIN 

IF V (ADDSENTENCE OR SUBSENTENCE) AND (NOl OPEN£;uX)) 
THEN BEGIN DRAWOPENBOX (WHERE ) ; END 
ELSE EF^^(ORMSS; 
* £i-lD; /{) 
■ NUMERAL: BtZiW 



END? 



STR:=C0NCAT<STR,S1> ; NUMBER: --=VALUE (STR) 
DR AWNUMBER < NUMBER . WHERE .. ; 
, DIGlTMODE:=TRUEs 

IF MUM3ER > (2*MAXB0XJ THEN 
BE6IN 

NUMBER: ^<*»; 
STR" =' ' ; 
ERRORM'BG; ' 
DIGITMODE:=FALSE; 
CLEARNUM<ANS) ; 
END; 

END 

ELSE ERRORMSS; 



END; 
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UNTIL DONE; 
X : : y : =20 ; AN I MATE < FRAMEb 1 ank , X , V , <> ) ; 
CLEARNUM^ANS) ; 
END: 



FUNCTION 'MENUCHOICE<Fia;S:SETOFCHAP; V: INTEGER J : CHAR? 

*********** 

Identities user selection -from SET OF CHARACTERS *^ 
(***************************************************************> 



VAR SI: STRING; CH: CHAR; PIX: SETOFCHAR; 

BEGIN 
PIX: = C 3; 

FOR CH:-CHR(65'> TO CHRt90) 
DO IF <CH IN PICh 3) 
OR (CHR(ORD(CH) +32) IN PICKS.) 
THEN PIX:^PIX+LCH,CHR(0RD(CH)+32) 1; 
REPEAT 
GOTOXVCl, ; 

WRITE('( ) Type letter. Then press f etur-f>. 

60T0XV ',2, ;S1:^=' ' ;READLN(S1) : 

IF LENGTH (&1)=^0 THEN Si.:=^' '; 

IF NOT (SI CI 3 IN PIX) THEN ERRORMSG 
UNTIL SlCn IN PIX; 
MENUCHOICF: =^S1 C 13 ; GOTOXY (40, 23) 
END; 



/ 



(* 

(* 



MENU SECTION 



PROCEDURE MENU; 

■ (* ■ ' . *) 

*) 
*) 

*********************************** 
VARMAINCHAR: CHAR; 
BEGIN 



F I LLSCREEN ( BLACK ) ; 

' GOTOXY (0^0^: / 
WRITELN ('^Wisconsin Center -for Education f\es^ar clt' ) ; 
WRITELH' <c.> 1982 bv the Regents o-f' ) ; 
WRITELN-C the University o-f Wisconsin"):* 

<d WRITELN; WRITELN; K 
ERIC WRITELN (' MATHBOXES' ); WRITELN; WRITELN; 

WRITELN (' (N>u(nerals tc be di-spl ayed. ' ) ; 



WRITElN(^ (Q)uit,^*); 

MAJNCHAR: rifNUfHOirE i T * W * , * w * , * N ^ , N T , ' i » * , " -J ^ ^ ' 

CASE MAIMrrHAR OK 
. N* , 'rr : .N0NUMERAL3:-FALSE;. 
^ •W*,^^ : * NONUMERAL S: ^-^-TRUE; 4 
, 'cj - : EXlT(PROGRAh) ' 
END; . 



FT LI SCREEN (BLACh > : 
END; ^ 

ri A I N R 0 U f I N E ^ 

BEGIN ^ . « ^ • ' ' 

NENU: 

ADuSENTENCEs -FALSE; HELLFREEZESOVER: =-F-t-^LSE ; 
3UBBENTENCE: -FALSER OPENBOX : -FALSE; 
INITTURTLE; GRAFMODE; ' * 

\ LPADFONKB^XEb, ^ #4 : EiOXES- FONT ' ); PICTURES; USEFONT (BOXES) : 
F1LLSCREEN(B!:AC^ > ; 
f:REATEARRAY(LT) ; 
CREATEARRAV(RT) ; 

WHERE: ^LT; 
REPEAT 

{ ASE WHERE iJK ^ 
LT: BEGIN 

CURSOR urURSORup. LEFTBOX) : 

LEFTSIDE; 
END; 
NID: BEGIN 

CURSOR (CURSORY i\^kt , hUDDL ; 
MIDSCREEN; 
EMO: 
Rl: Bro[N 

CURSQR (CliRSORup,RIGHTBOX) ; 
s RIGHTS IDE; 
END; 
ANS: BEGIN 

{ (CUHSORduwn, A ISWER^ ; 

FARSIDE: 
CND; 

END; • -If i ui'^e t) 

IJNTH Ht I LFREErESOVER; 
STDFONT: 

END. 
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